Abstract. The anti-angiogenic properties of statins, widely used for the treatment of hyperlipidemia, have recently been reported. The aim of this study was to investigate the effects of use of statins for the management of post-operative recurrence and progression of renal cell carcinoma (RCC). Of 306 patients diagnosed with kidney cancer between January, 2006 and June, 2012, 115 patients who showed no distant metastasis and had undergone radical or partial nephrectomy were selected. These patients were divided into a group that took statins and a group that did not. The effects of statins on the progression and recurrence of renal cancer were retrospectively analyzed. The demographics of the statins group showed that there were more males (P=0.039) and that they were of older age [mean age, 65.24 (±6.82) Recurrence-free survival in the two groups showed 59.44 and 66.72 months for the statin and non-statin groups, respectively, with no statistically significant difference (P=0.586). Progression-free survival also showed no statistically significant difference between the two groups (P=0.307). Results of the multivariate analysis using Cox's regression model revealed that gender, age and BMI had no significance as prognostic factors for the recurrence and progression of renal cancer (P>0.05). Findings of the present study demonstrated that statins do not have a marked effect on the recurrence and progression of renal cancer. Therefore, further investigation using a larger patient group should be conducted for future statistical analysis.
Introduction
Statins are cholesterol-lowering agents that act by inhibiting the enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. In addition, statins are also widely used in the primary as well as secondary prevention of cardiovascular diseases, especially hypercholesterolemia (1,2). They reduce long-term cerebrovascular events, particularly after an initial coronary event (3) . Beyond their lipid-lowering effects, statins have also been shown to exhibit anti-inflammatory (4) and antineoplastic (5) activities. Although the precise mechanisms by which these activities occur are unknown, they seem to correlate with the inhibitory effects of statins on the mevalonate pathway. By inhibiting HMG-CoA reductase and controlling mevalonate synthesis, statins affect cholesterol biosynthesis and control the production of several additional major products, including dolichol, geranyl pyro-and farnesyl pyrophosphate (4) (5) (6) . This process may be relevant for the induction of antitumor responses, as these agents have effects on various additional cell functions, including DNA synthesis, cell cycle progression and apoptosis (5) . Consistent with these observations, statins have been shown to exert regulatory effects on cell cycle progression and to induce apoptosis of malignant cells (5, 7) .
Statins have also been recognized for their activity against various types of cancer. The use of statins as anticancer agents is based on pre-clinical evidence of their anti-proliferative, pro-apoptotic, anti-invasive and radiosensitizing properties (8) . Statins exhibit in vitro anti-neoplastic activities against a variety of malignant cells of diverse origin (7, 9) . Progress has been noted with regard to the effects of statins against various types of malignancy. However, information is scarce on the effects of these agents against renal cell carcinoma (RCC) (7) . The aim of this study was to investigate the effect of statins on the recurrence and progression of RCC.
Patients and methods

Patients.
A retrospective analysis was conducted on patients diagnosed with RCC who presented at our hospital between January 1, 2006 and June 30, 2012. Of the 306 RCC patients, a total of 115 patients who had radical or partial nephrectomy (open or laparoscopic) for non-distant metastatic (any TN0-1M0) RCC were included in the present study. No patient had a known history of von Hippel-Lindau disease, contralateral nephrectomy for RCC or synchronous bilateral RCC. Informed consent was obtained from all patients.
Patients were divided into the statin and non-statin groups. Patients taking a statin following the diagnosis of RCC were excluded from the statin group. The dose and type of statin used and compliance were not factored in the analysis.
Statistical analysis. Statistical analysis was performed with SPSS ver. 16.0 (SPSS, Chicago, IL, USA). The correlation between gender, pathologic characteristics including Fuhrman grade, cell type and tumor, node, metastasis (TNM) stage of the two groups were analyzed using the Chi-square test. The correlation between age and body mass index (BMI) of the two groups was analyzed using the Student's t-test. Multivariate analysis was performed using Cox's regression model to determine the effect of confounding variables. The Kaplan-Meier survival test was used to determine the association between recurrence and progression of the two groups. P<0.05 was considered to indicate a statistically significant difference.
Results
Of the total of 115 patients [male, 72 (63%) and female, 43 (37%)], the statin group comprised 21 (18%) patients taking statins, while the non-statin group comprised 94 (82%)patients not taking statins. Patient clinical characteristics are shown in Table I . The clear cell type was the most common RCC type, comprising 96 (83%) patients. Other types included the chromophobe, papillary, collecting duct and sarcomatoid comprising 11 (10%), 4 (3%), 2 (2%) and 2 (2%) patients, respectively. T1a was the most common T stage, followed by T1b, comprising 61 (53%) and 29 (25%) patients, respectively. N0 was identified in 112 (97%) and N1 in 3 (3%) patients. During the follow-up, 8 (7%) and 4 (3%) patients exhibited recurrence and progressive disease, respectively.
Male gender was identified significantly more frequently in the statin group, compared with the non-statin group (P=0.039). The RCC type and TNM stage did not vary in the two groups. Mean age was higher in the statin compared with the non-statin group [65. 24 (Table I) . When assessed using the Kaplan-Meier survival analysis, the recurrence and progression-free survival rate of the two groups showed no statistically significant difference (P= 0.586 and P= 0.307) ( Figs. 1 and 2 ). The effects of gender, age, BMI and statins on recurrence and progression were examined, using Cox's regression model. However, the effects were not statistically significant (Table II) .
Discussion
Statins have a lowering effect of low-density lipoprotein (LDL) cholesterol by inhibiting HMG-CoA reductase. Mevalonate is a limiting factor in hepatic cholesterol biosynthesis as it is an essential precursor (6). Thus, statins were prescribed for hypercholesterolemic patients. Statins were also administered to patients with cardiovascular diseases, including myocardial infarction and atrial fibrillation (2, (10) (11) (12) .
The underlying mechanisms of the lowering effect of statins on the incidence of cerebrovascular disease have yet to be elucidated. However, several studies suggest that the metabolites of statins have certain regulatory effects on the endothelial, platelet and leukocyte function. Their function is regulated by G-proteins, such as Rho, Rac and Ras, and intermediates of HMG-CoA reductase are essential for their post-translational modification (13, 14) . Additionally, statins modulate vascular remodeling by inhibiting extracellular matrix metalloproteinases and transcription factors, such as nuclear factor-κB (14) . Statins have been shown to attenuate vasoconstriction by increasing endothelial nitric oxide activity (15) . Thus, they have pleiotropic cardiovascular and anti-atherosclerotic effects, including improvement of endothelial function, reduction of free radical formation, stabilization of plaques and inhibition of endothelial inflammatory reactions, which contribute to other potential benefits for patients at risk of cardiovascular disease, regardless of cholesterol levels (8, 16) . The mechanisms of these antitumor effects have yet to be fully elucidated. Findings of previous studies suggest that statins have antitumor effects by inhibiting tumor cell growth, angiogenesis and induction of apoptosis. Statins block tumor cell growth in vitro and in vivo, thus inhibiting dolichol, geranyl pyro-and farnesyl pyrophosphate production, Rasand Rho-mediated cell proliferation and the stabilization of the cell cycle kinase inhibitors p21 and p27 (17) . Although statins have been reported to stimulate and inhibit angiogenesis, they inhibit capillary tube formation and decrease vascular endothelial growth factor release (18) . Statins exert pro-apoptotic properties in a variety of tumor cells, by which they upregulate pro-apoptotic proteins, decrease anti-apoptotic proteins and activate certain types of caspases (19, 20) . Statins impair the metastatic potential of tumor cells by inhibiting cell migration, attachment to the extracellular matrix and invasion of basement membrane (21) .
However, clinical data regarding the antitumor effects of statins are conflicting. In certain studies, statins apparently have pro-carcinogenic effects. Coogan et al (22) conducted a case control study on 1,132 women with breast cancer and 1,009 men with prostate cancer. Controls included 1,331 women and 1,387 men who presented with conditions unrelated to statin use. The odds ratio (OR) for breast cancer among statin users was 1.5 (95% CI, 1.0-2.3), largely accounted for by an OR of 1.8 (95% CI, 0.9-3.6) among cases with carcinoma in situ. Among the invasive cases, the OR was 1.2 (95% CI, 0.7-2.0). The OR for prostate cancer overall was 1.2 (95% CI, 0.8-1.7) and 1.4 (95% CI, 0.7-2.5). A retrospective analysis of 2,463 women showed an increased risk of breast cancer among statin users of 5.2% (11) .
Several other studies maintain that statins have an antitumor effect. Poynter et al (23) conducted a population-based case-control study on 1,953 patients with colorectal cancer and 2,015 controls. Their results showed that the use of statins for at least five years (vs. the non-use of statins) was associated with a significantly reduced relative risk of colorectal cancer (OR=0.50; 95% CI, 0.40-0.63). Khurana et al (8) performed a retrospective nested case-control study of 500,000 veteran patients and observed that statin use is associated with a 44% risk reduction of RCC. Liu et al (1) performed a retrospective analysis of data of two US cohorts, and confirmed the beneficial effect of statin use on the risk of RCC. Authors of that study suggested that the use of statins was associated with a reduced risk of RCC in women. The association was statistically significant in women with no history of hypertension. In men, a reduced risk was identified only among individuals with no history of hypertension.
Findings of the present study have shown that statins have no significant effects on recurrence and progression in patients that have undergone radical nephrectomy following diagnosis with RCC. A randomized double-blind trial of mortality and incidence of cancer during a 10-year follow-up of the Scandinavian Simvastatin Survival Study has shown no difference in mortality from and incidence of cancer between the simvastatin and placebo groups (24) . Several studies have found a similar relative risk for cancer development (25, 26) , the results of which are partly consistent with our findings.
At present, available studies (1, 8, 23) have focused on the antitumor effect of statins and the risk of cancers, which varies from our study. In this study, we focused on the effects of statins on recurrence and progression of already diagnosed RCC. To the best of our knowledge, studies on the effects of statins on recurrence and progression-free survival of diagnosed RCC are rare.
Our study has certain limitations. It is a retrospective study that may have some biases. Due to the small population size, our results are difficult to generalize to other RCC patients. Comorbidities of the patients were not analyzed in this study, nor were the dose, type of statin used or the compliance.
In conclusion, statins do not have a marked effect on recurrence and progression-free survival of non-distant metastatic RCC patients. Additional, well-designed studies on large populations and with a long-term follow up are necessary to assess the effects on statins of these patients.
